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NEAR UV LIGHT EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from and the benefit of
Korean Patent Application No. 10-2012-0032195, filed on
Mar. 29, 2012, and Korean Patent Application No. 10-2013-
0025989, filed on Mar. 12, 2013, which are incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

1. Field

The present invention relates to an inorganic semiconduc-
tor light emitting device, and more particularly, to a near
ultraviolet light emitting device.

2. Discussion of the Background

Generally, a gallium nitride-based semiconductor has been
widely used in a blue/green light emitting diode or a laser
diode as a light source of full color displays, traffic lighting,
general lamps and optical communication instruments. In
particular, an indium gallium nitride (InGaN) compound
semiconductor has attracted considerable attention due to its
narrow band gap.

This gallium nitride-based compound semiconductor has
been utilized in various fields such as large-sized natural color
flat panel display devices, light sources of backlight units,
traffic lights, indoor lighting fixtures, high density light
sources, high resolution output systems, optical communica-
tion, and the like. A light emitting device for emitting near
ultraviolet light has been used in forgery discrimination, resin
curing and ultraviolet treatment, and can realize various col-
ors of visible light in combination with a fluorescent sub-
stance.

Near ultraviolet light refers to ultraviolet light at wave-
lengths ranging from about 320 nm to 390 nm. Gallium
nitride GaN has an energy band gap of about 3.42 eV, which
correspond to optical energy at a wavelength of about 365 nm.
Accordingly, a light emitting device including an InGaN well
layer can be used to emit near ultraviolet light at wavelengths
of'365 nm or greater, that is, wavelengths from 365 nm to 390
nm according to In content.

Since light produced in the well layer is emitted to the
outside through a barrier layer and a contact layer, a plurality
of'semiconductor layers is located in a path along which light
travels, and light absorption occurs due to the semiconductor
layers. In particular, when the semiconductor layers have a
band gap smaller than or similar to those of the well layers,
significant light loss occurs. In particular, it is necessary to
control light absorption due to an n-type contact layer and a
p-type contact layer occupying most of the thickness of the
light emitting device.

Thus, in the near ultraviolet light emitting device in the
related art, barrier layers, n-type contact layers, and p-type
contact layers as well as electron blocking layers are formed
of AlGaN which has a greater band gap than InGaN. How-
ever, since it is difficult to grow AlGaN relatively thick while
ensuring good crystallinity of AlGaN, electric and optical
characteristics of the near ultraviolet light emitting device are
inferior to those of blue light emitting devices, and the near
ultraviolet light emitting device is sold at a higher price than
blue/green light emitting devices.

SUMMARY

An aspect of the present invention is to improve light
output and light extraction efficiency of a gallium nitride-
based near ultraviolet light emitting device.
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Another aspect of the present invention is to provide a near
ultraviolet light emitting device which can be easily manu-
factured.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

In accordance with one aspect of the present invention, a
light emitting device includes: an n-type contact layer includ-
ing a GaN layer; a p-type contact layer including a GaN layer;
and an active layer of a multi-quantum well structure placed
between the n-type contact layer and the p-type contact layer.
The active area of the multi-quantum well structure emits
near ultraviolet light at wavelengths from 365 nm to 309 nm.

The active area of the multi-quantum well structure may
include barrier layers and well layers. The barrier layers may
be formed of AlGaN. Since the barrier layers contain In, it
possible to relieve lattice mismatch between the well layers
and the barrier layers.

In addition, a first barrier layer closest to the n-type contact
layer may contain 10~20% more Al than the other barrier
layers. The first barrier layer is formed of AllnGaN having a
lower lattice parameter than the other barrier layers, thereby
improving light output of the light emitting device. Herein,
the metal element content represented by percentage is a
composition of each metal component with respect to the
total amount of metal components in a gallium nitride-based
layer. In other words, the Al content of the gallium nitride-
based layer represented by Al In Ga N is represented by %
according to 100xx/(X+y+7).

The well layers may be formed of InGaN and emit near
ultraviolet light at wavelengths from 375 nm to 390 nm, and
the barrier layers except for the first barrier layer may be
formed of AllnGaN containing 15% to 25% of Al and 1% or
less of In. In addition, the first barrier layer may be formed of
AllnGaN containing 30% to 40% of Al and 1% or less of In.

In some embodiments, the p-type contact layer may
include a lower high-density doping layer, an upper high-
density doping layer, and a low-density doping layer placed
between the upper and lower high-density doping layers. In
addition, the low-density doping layer is thicker than the
upper and lower high-density doping layers. The relatively
thick thickness of the low-density doping layer may serve to
prevent light absorption by the p-type contact layer.

Further, the n-type contact layer may include a lower gal-
lium nitride layer, an upper gallium nitride layer, and an
intermediate layer of a multilayer structure placed between
the upper and lower gallium nitride layers. The intermediate
layer of the multilayer structure inserted into an intermediate
section of the n-type contact layer may improve crystal qual-
ity of epitaxial layers on the n-type contact layer. In particular,
the intermediate layer of the multilayer structure may have a
structure in which AllnN and GaN are alternately stacked one
above another.

The light emitting device may further include a superlattice
layer between the n-type contact layer and the active area; and
an electron implantation layer between the superlattice layer
and the active area. Here, the electron implantation layer has
a higher n-type impurity doping density than the superlattice
layer. The electron implantation layer allows electrons to be
efficiently implanted into the active area, thereby improving
light emitting efficacy.

In a certain embodiment, the superlattice layer may have a
structure in which InGaN/InGaN is repeatedly stacked, and
the electron implantation layer may be formed of GaN or
InGaN. Here, InGaN/InGaN represents that each layer in a
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cycle of layers constituting the superlattice layer is formed of
InGaN. Here, each of these layers does not need the same
content of In.

An undoped GaN layer may be placed between the n-type
contact layer and the superlattice layer. The undoped GaN
layer may adjoin the n-type contact layer and may recover
crystal quality of the n-type contact layer, which can be dete-
riorated by impurity doping.

Further, the light emitting device may further include a
low-density GaN layer placed between the undoped GaN
layer and the superlattice layer and doped with n-type impu-
rities at a lower density than the n-type contact layer; and a
high-density GaN layer placed between the low-density GaN
layer and the superlattice layer and doped with n-type impu-
rities at a higher density than the low-density GaN layer.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present invention will become apparent from the detailed
description of the following embodiments in conjunction
with the accompanying drawings, in which:

FIG. 1 is a sectional view of a light emitting device accord-
ing to one exemplary embodiment of the present invention;

FIG. 2 is a sectional view of a multi-quantum well structure
of the light emitting device according to the exemplary
embodiment of the present invention;

FIG. 3 is a graph depicting light output versus Al content of
a first barrier layer of the multi-quantum well structure of the
light emitting device according to the exemplary embodiment
of the present invention; and

FIG. 4 is a graph depicting light output versus thicknesses
of'the first barrier layer of the multi-quantum well structure of
the light emitting device according to the exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Hereinafter, exemplary embodiments of the invention will
be described in detail with reference to the accompanying
drawings. The following embodiments are given by way of
illustration to provide a thorough understanding of the
present invention to those skilled in the art. Thus, the present
invention is not limited to the following embodiments, and
may be realized in various ways. It should be noted that the
drawings are not to precise scale and some of the dimensions,
such as width, length, thickness, and the like, are exaggerated
for clarity of description in the drawings. Like elements are
denoted by like reference numerals throughout the specifica-
tion and drawings.

FIG. 1 is a sectional view of a light emitting device accord-
ing to one exemplary embodiment of the present invention,
and FIG. 2 is a sectional view of a multi-quantum well struc-
ture of the light emitting device according to the exemplary
embodiment of the present invention.

Referring to FIG. 1, a light emitting device according to
one embodiment includes an n-type contact layer 27, an
active area 39, and a p-type contact layer 43. Further, the light
emitting device may include a substrate 21, a nucleation layer
23, abuffer layer 25, an undoped GaN layer 29, a low-density
GaN layer 31, a high-density GaN layer 33, a superlattice
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layer 35, an electron implantation layer 37, an electron block-
ing layer 41, or a delta doping layer 45.

The substrate 21 is a substrate for growing a GaN-based
semiconductor layer, and includes a sapphire substrate, a
silicon carbide (SiC) substrate, or a spinel substrate, without
being limited thereto. For example, the substrate 21 may be a
patterned sapphire substrate (PSS).

The nucleation layer 23 may be formed of (Al, Ga)N, at
temperatures ranging from 400° C. to 600° C., to grow the
buffer layer 25 on the substrate 21. The nucleation layer 23 is
formed of GaN or AN. The nucleation layer 23 may be formed
to a thickness of about 25 nm. The buffer layer 25 is grown at
relatively high temperatures to relieve defect occurrence,
such as dislocation, between the substrate 21 and the n-type
contact layer 27. For example, the buffer layer 25 may be
formed of undoped GaN and may have a thickness of about
1.5 um.

The n-type contact layer 27 may be an n-type impurity-
doped semiconductor layer, for example, Si-doped, GaN-
based semiconductor layer, and may be formed to a thickness
of'about 3 um. The n-type contact layer 27 may include a GaN
layer and may have a single layer or multilayer structure. For
example, as shown, the n-type contact layer 27 may include a
lower GaN layer 27a, an intermediate layer 275, and an upper
GaN layer 27¢. Here, the intermediate layer 276 may be
formed of AllnN, or may have a multilayer structure (includ-
ing a superlattice structure) in which AllnN and GaN are
alternately stacked, for example, in about 10 cycles. The
lower GaN layer 27a and the upper GaN layer 27¢ may be
formed to similar thicknesses of, for example, about 1.5 pm.
The intermediate layer 275 may be formed to a smaller thick-
ness than the s lower and the upper GaN layers 274, 27¢. For
example, the intermediate layer 276 may have a thickness of
about 80 nm. As compared with the case where a single GaN
layer is continuously grown at a relatively high thickness of
about 3 mm, the intermediate layer 275 is inserted into an
intermediate section of the n-type contact layer 27.

As such, crystal quality of an epitaxial layer, specifically,
the active area 39 formed on the n-type contact layer 27, can
be improved. A doping density of Si doped into the n-type
contact layer 127 may range from 2x10%/cm®to 2x10'*/cm?,
or from 1x10*%/cm?® to 2x10'°/cm?. In particular, the lower
GaN layer 27a and the upper GaN layer 27¢ may be doped
with Si impurities at a high density, and the intermediate layer
27h may be doped with the Si impurities at a lower or the same
density as that of the upper GaN 27¢, or may not be inten-
tionally doped therewith. Since the lower GaN layer 27a and
the upper GaN layer 27¢ are doped with the Si impurities at a
high density, the resistance of the n-type contact layer 27 may
be reduced. An electrode contacting the n-type contact layer
27 may contact the upper GaN layer 27¢ as well.

The undoped GaN layer 29 may be formed of GaN that is
not doped with the impurities, and may be formed to a smaller
thickness than the upper GaN layer 27¢. For example, the
undoped GaN layer 29 may have a thickness of 80 nm to 300
nm. As the n-type contact layer 27 is doped with n-type
impurities, the n-type contact layer 27 has residual stress and
a low crystal quality. Accordingly, when another epitaxial
layer is grown on the n-type contact layer 27, it is difficult to
grow an epitaxial layer having good crystal quality. However,
since the undoped GaN layer 29 is not doped with any impu-
rity, the undoped GaN layer 29 acts as a recovery layer for
recovering the crystal quality of the n-type contact layer 27.
Thus, the undoped GaN layer 29 may be directly formed on
the n-type contact layer 27 to adjoin the n-type contact layer
27. In addition, since the undoped GaN layer 28 has a higher
resistivity than the n-type contact layer 27, electrons intro-
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duced from the n-type contact layer 27 to the active layer 39
can be evenly distributed within the n-type contact layer 27,
before passing through the undoped GaN layer 29.

The low-density GaN layer 31 is placed on the undoped
GaN layer 29 and has a lower n-type impurity doping density
than the n-type contact layer 27. The low-density GaN layer
31 may have a Si doping density ranging, for example, from
5x10"/cm® to 5x10'%/cm® and may be formed to a smaller
thickness than the undoped GaN layer 29. For example, the
low-density GaN layer 31 may have a thickness of 50 nm to
150 nm. The high-density GaN layer 33 is placed on the
low-density GaN layer 31 and has a higher n-type impurity
doping density than the low-density GaN layer 31. The high-
density GaN layer 33 may have an Si doping density similar
to that of the n-type contact layer 27. The high-density GaN
layer 33 may have a smaller thickness than the low-density
GaN layer 31. For example, the high-density GaN layer 33
may have a thickness of about 30 nm.

The n-type contact layer 27, the undoped GaN layer 29, the
low-density GaN layer 31, and the high-density GaN layer 33
may be continuously grown by supplying a metal source gas
into a chamber. Organometallic materials including Al, Ga
and In, such as trimethylaluminum (TMA), trimethylgallium
(TMD), and/or trimethlyindium (TME), are used as a metal
source gas. Silane SiH, may be used as a source gas of Si.
These layers may be grown at a first temperature of, for
example, 1050° C. to 1150° C.

The superlattice layer 35 is placed on the high-density GaN
layer 33. The superlattice layer 35 may be formed by alter-
nately stacking first and second InGaN layers having different
compositions in about 30 cycles, in which each of the InGaN
layers has a thickness of 20 A. The indium content of the first
and second InGaN layers is lower than that of well layers 39w
in the active area 39. The superlattice layer 35 may be formed
of'an undoped layer without any intentionally doped impuri-
ties. Since the superlattice layer 35 is formed of the undoped
layer, current leakage of the light emitting device can be
reduced.

The electron implantation layer 37 has a higher n-type
impurity doping density than the superlattice layer 35. In
addition, the electron implantation layer 37 may have sub-
stantially the same n-type impurity doping density as the
n-type contact layer 27. For example, the n-type impurity
doping density may range from 1x10'*/cm® to 5x10'°/cm®,
or from 1x10'%/cm® to 3x10'°/cm>. Since the electron
implantation layer 37 is doped at a high density, implantation
of electrons into the active area 39 can be facilitated. The
electron implantation layer 37 may be formed to a similar or
smaller thickness than the high-density doping layer 33. For
example, the electron implantation layer 37 may have a thick-
ness of 20 nm. Moreover, the electron implantation layer 37
may be grown at a pressure of about 300 torr and a tempera-
ture of about 820° C. to 850° C.

The active area 39 is placed on the electron implantation
layer 37. F1G. 2 is an enlarged sectional view of the active area
39.

Referring to FIG. 2, the active area 39 has a multi-quantum
well structure including barrier layers 395 and well layers
39w, which are alternately stacked one above another. The
well layers 39w have a composition capable of emitting near-
ultraviolet light ranging from 365 nm to 390 nm. For example,
the well layers 39w may be formed of InGaN or AlInGaN, for
example. Here, the In content of the well layers 39w is deter-
mined according to wavelengths of ultraviolet light. For
example, the In content of the well layers 39w may range from
about 2% to 5% molar percentage (accordingly, the Ga con-
tent ranges from about 95% to 98%). Throughout the present
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description, content of a compound in the various layers is
likewise indicated according to molar percentage. Each ofthe
well layers 39w may have a thickness of about 20 A to 30 A.
The well layers 39w may be grown at a higher temperature
than the well layers of a general blue light emitting diode, for
example, 800° C. to 820° C., at a pressure of about 300 Torr.
As such, the well layers may have improved crystal quality.

The barrier layers 395 may be formed of gallium nitride-
based semiconductor layers having a wider band gap than the
well layers. For example, the barrier layers may be formed of
GaN, InGaN, AlGaN, or AllnGaN. In particular, since the
barrier layers 395 may be formed of AllnGaN and thus,
contain In, a lattice mismatch between the well layers 39w
and the barrier layers 395 can be relieved.

Furthermore, the barrier layers 395 may be grown at a
slightly higher growth temperature than the growth tempera-
ture of the well layers 39w. For example, the barrier layers
396 may be grown at temperatures of about 820° C. to 850°
C., at a pressure of about 300 Torr.

A first barrier layer 395 1 of the barrier layers 3956 1, 395,
39bn, which is closest to the electron implantation layer 37 or
the n-type contact layer 27, has a higher Al content than the
other barrier layers. For example, the first barrier layer 3951
may contain 10% to 20% more Al than the other barrier layers
395. For example, when the other barrier layers 3954, 3961
include about 20% of Al, the first barrier layer 39561 may
include about 30% to 40% of Al. The barrier layers 3951, 395,
39bn contain about 1% or less of indium. In particular, when
the well layers 395 are formed of InGaN to emit near-ultra-
violet light of 375 nm to 390 nm, the barrier layers 395 and
39bn other than the first barrier layer 3951 may be formed of
AlInGaN which contains 15% to 25% of Al and about 1% or
less of In, and the first barrier layer 395 may be formed of
AlInGaN which contains 30% to 40% of Al and 1% or less of
In.

In general, barrier layers are formed to have the same
composition in a light emitting device. However, in the
present embodiment, the first barrier layer 3961 contains 10%
t0 20% more Al than the other barrier layers 395. The electron
implantation layer 37 or the n-type contact layer 27 is formed
of GaN. A difference between band gaps of the well layer 39w
capable of emitting near-ultraviolet light and GaN is not
relatively large. Accordingly, the first barrier layer 3951 is
formed to have a higher band gap than the other barrier layers
395, thereby confining carriers in the active area 39. In par-
ticular, when the AllnGaN barrier layer is used, a moving
speed of holes is significantly decreased, whereby an over-
flow probability of electrons can be increased. In this case,
although it can be considered that the thickness of the electron
blocking layer 41 is increased to prevent overflow of elec-
trons, an increase in thickness of the electron blocking layer
41 for efficient implantation of holes into the active area is
restricted.

Accordingly, the first barrier layer 3951 is formed to have
a wider band gap (about 0.5 eV or higher) than the other
barrier layers, to effectively prevent the overflow of electrons,
by decreasing the moving speed of the electrons. However,
when the Al content of the first barrier layer 39541 is increased
by about 20% or more, a lattice mismatch may occur between
the first barrier layer 395 1 and the electron implantation layer
37, and a lattice mismatch between the first barrier layer 3951
and the well layer 39w may become severe, thereby reducing
the crystal quality of the active area 39.

The first barrier layer may have substantially the same or
greater thickness (for example, of about 40 A) than the other
barrier layers except for the last barrier layer, which is closest
to the electron blocking layer 41 or the p-type contact layer
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43. For example, the first barrier layer may have a thickness of
40 A to 60 A, specifically about 45 A.

The active area 39 may adjoin the electron implantation
layer 37. The barrier layer and the quantum well layer of the
active area 39 may be formed of an undoped layer to improve
the crystal quality of the active layer, and some portion or the
entirety of the active area may be doped with impurities to
reduce forward voltage.

Referring again to FIG. 1, the p-type contact layer 43 may
be placed on the active area 39, and the electron blocking
layer 41 may be placed between the active area 39 and the
p-type contact layer 43. The electron blocking layer 41 may
be formed of AlGaN or AllnGaN, to relieve lattice mismatch
between the p-type contact layer and the active area 39. The
electron blocking layer 41 may contain 36% of Al and 3% of
In. The electron blocking layer 41 may be doped with p-type
impurities, for example Mg, at a doping density of 5x10°/
cm’ to 2x10%%/cm’.

The p-type contact layer 43 may include a lower high-
density doping layer 43a, a low-density doping layer 435, and
an upper high-density doping layer 43c.

The lower high-density doping layer 43a and the upper
high-density doping layer 43¢ may be doped with p-type
impurities, for example Mg, at a doping density of 5x10%/
cm? to 2x10%°/cm?>. The low-density doping layer 435 has a
lower doping density than the lower and upper high-density
doping layers 43a, 43¢ and is placed therebetween. The low-
density doping layer 435 may be grown, with the supply of a
source gas Mg (for example, Cp,Mg) interrupted during
growth thereof.

During growth of the low-density doping layer 435, the
impurity content may be reduced using N, gas as a carrier gas
instead of using H,. The low-density doping layer 436 is
formed to a greater thickness than the upper and lower high-
density doping layers 43¢, 43a. For example, the low-density
doping layer 435 may be formed to a thickness of about 60
nm, and each of the upper and lower high-density doping
layers 43¢, 43a may be formed to a thickness of 10 nm. As a
result, the p-type contact layer 43 has improved crystal qual-
ity and a reduced impurity density, thereby preventing or
relieving the loss of near-ultraviolet light due to the p-type
contact layer 43.

The delta doping layer 45 may be placed on the p-type
contact layer 43 to decrease ohmic contact resistance. The
delta doping layer 45 is doped with p-type or n-type impuri-
ties at a high density to decrease the ohmic resistance between
the electrode and the p-type contact layer 43. The delta doping
layer 45 may be formed to a thickness of about 2A to 5 A.

A light emitting device of a lateral structure or flip chip
structure can be manufactured by patterning the epitaxial
layers on the substrate 21. Further, a light emitting device of
a vertical structure can be manufactured by removing the
substrate 21.

EXPERIMENTAL EXAMPLE 1

In order to check the variation in light output according to
the Al content in the first barrier layer 395 closest to the n-type
contact layer 27, epitaxial layers were grown by MOCVD
under the same conditions, except for the Al content in the
first barrier layer. FIG. 3 is a graph depicting light output
versus Al content of the first barrier layer. The barrier layers
had the same composition except for the first barrier layer.
The Al content of the respective barrier layers was measured
using an atomic probe, and the other barrier layers contained
about 20% of Al
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Referring to FIG. 3, when the Al content of the first barrier
layer was 14% higher than those of the other barrier layers,
the light emitting device had relatively high light output. On
the other hand, when the first barrier layer did not contain Al,
the light emitting device had relatively low light output. In
addition, when the first barrier layer contained about 47% of
Al, which was 27% higher than the Al content of the other
barrier layers, a light emitting device sample had smaller light
output than other light emitting device samples wherein the
first barrier layer had the same Al content than the other
barrier layers.

EXPERIMENTAL EXAMPLE 2

In order to check light variation in light output according to
the thickness of the first barrier layer 395 closest to the n-type
contact layer 27, epitaxial layers are grown by MOCVD
under the same conditions except for the thickness of the first
barrier layer. FIG. 4 is a graph depicting light output versus
thickness of the first barrier layer. All of the barrier layers
except for the first barrier layer and the last barrier layer
closest to the p-type contact layer 43 were formed to a thick-
ness of about 45 A, and the last barrier layer was formed to a
relatively thick thickness of about 75 A. Moreover, the first
barrier layer had an Al content of about 34%, and the other
barrier layers had an Al content of about 20%.

Referring to FIG. 4, when the first barrier layer had a
thickness of 45 A, which is the same as the other barrier
layers, the light emitting device had relatively high light out-
put. On the other hand, when the first barrier layer had a
thickness of 25 A, the light emitting device had relatively low
light output, and even in the case where the first barrier layer
had a thick thickness of 75 A, the light emitting device had
relatively low light output.

In a near ultraviolet light emitting device in the related art,
an n-type contact layer is formed of AlGaN. Since a contact
layer occupying most of the thickness of the near UV light
emitting device except for the substrate is formed of AlGaN,
light loss by light absorption can be prevented, but it is diffi-
cult to improve light output or light extraction efficiency due
to low crystal quality of epitaxial layers therein. According to
embodiments, since all or most of n-type contact layers and
p-type contact layers are formed of gallium nitride, it is pos-
sible to improve crystal quality of an active area. Thus, the
light emitting device according to the embodiments may have
improved light output by preventing light loss due to light
absorption.

Furthermore, since a first barrier layer contains a greater
amount of Al than other barrier layers, the light emitting
device according to the embodiments may have further
improved light output. Moreover, the near ultraviolet light
emitting device can reduce light loss due to light absorption
by enhancing crystal quality of n-type and p-type contact
layers.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A light emitting device, comprising:

an n-type contact layer comprising a GaN layer;

a p-type contact layer comprising a GaN layer;

an active area comprising barrier layers and well layers that

form a multi-quantum well structure disposed between
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the n-type contact layer and the p-type contact layer, the
barrier layers comprising Al, the active area configured
to emit near ultraviolet light at wavelengths of 375 nm to
390 nm;

a superlattice layer disposed between the n-type contact

layer and the active area; and

an electron implantation layer disposed between the super-

lattice layer and the active area, the electron implanta-
tion layer comprising a higher n-type impurity doping
density than the superlattice layer,
wherein a first one of the barrier layers is disposed closest
to the n-type contact layer, comprises 10% to 20% more
Al than the other barrier layers, and has at least 2 0.5 eV
wider band gap than the other barrier layers, and

wherein the active layer adjoins the electron implantation
layer.

2. The light emitting device of claim 1, wherein the barrier
layers except for the first barrier layer comprise AllnGaN
comprising 15% to 25% of Al and 1% or less of In.

3. The light emitting device of claim 2, wherein the first
barrier layer comprises AllnGaN comprising 30% to 40% of
Al and 1% or less of In.

4. The light emitting device of claim 1, wherein the p-type
contact layer comprises:

a first high-density doping layer;

a second high-density doping layer; and

alow-density doping layer disposed between the first high-

density doping layer and the second high-density doping
layer.
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5. The light emitting device of claim 4, wherein the low-
density doping layer is thicker than the first and second high-
density doping layers.

6. The light emitting device of claim 1, wherein the n-type
contact layer comprises:

a first GaN layer;

a second GaN layer; and

anintermediate layer comprising a multilayer structure and
disposed between the first and second GaN layers.

7. The light emitting device of claim 6, wherein the inter-
mediate layer comprises alternately stacked AlInN and GaN
layers.

8. The light emitting device of claim 1, wherein the super-
lattice layer comprises a sequentially stacked InGaN/InGaN
structure, and the electron implantation layer comprises GaN
or InGaN.

9. The light emitting device of claim 1, further comprising
an undoped GaN layer disposed between the n-type contact
layer and the superlattice layer.

10. The light emitting device of claim 9, further compris-
ing:

a low-density GaN layer disposed between the undoped
GaN layer and the superlattice layer, the low-density
GaN layer being doped with an n-type impurity at a
lower density than the n-type contact layer; and

a high-density GaN layer disposed between the low-den-
sity GaN layer and the superlattice layer, the high-den-
sity GaN layer being doped with an n-type impurity at a
higher density than the low-density GaN layer.
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